A Gram-staining-negative, motile, weakly halophilic and facultatively aerobic bacterium, designated strain YA11
The genus Photobacterium, which was first reported by Beijerinck (1889) , belonging to the family Vibrionaceae of the class Gammaproteobacteria comprises a group of Gramstain-negative, facultatively aerobic, rod-shaped bacteria that require NaCl for growth. At the time of writing, the genus Photobacterium is composed of the following 23 species and 2 subspecies: Photobacterium aphoticum (Lucena et al., 2011) , P. swingsii (Gomez-Gil et al., 2011) , P. gaetbulicola (Kim et al., 2010) , P. jeanii (Chimetto et al., 2010) , P. aquimaris (Yoshizawa et al., 2009) , P. kishitanii (Ast et al., 2007) , P. lutimaris (Jung et al., 2007) , P. ganghwense (Park et al., 2006) , P. halotolerans (Rivas et al., 2006) , P. lipolyticum (Yoon et al., 2005) , P. rosenbergii (Thompson et al., 2005) , P. frigidiphilum (Seo et al., 2005a) , P. aplysiae (Seo et al., 2005b) , P. indicum (Xie & Yokota, 2004) , P. iliopiscarium (Urakawa et al., 1999) , P. profundum (Nogi et al., 1998) , P. damselae subsp. piscicida and P. damselae subsp. damselae (Gauthier et al., 1995) , P. histaminum (Okuzumi et al., 1994) , P. damselae (Smith et al., 1991) , P. logei (Harwood et al., 1980) , P. angustum (Reichelt et al., 1976) , P. fischeri (Beijerinck, 1889) , P. phosphoreum (Beijerinck, 1889) and P. leiognathi (Boisvert et al., 1967) . Most strains of species of the genus Photobacterium have been isolated from marine habitats such as sea sand, coastal water, seawater, deep-sea sediments, tidal flat sediment, corals and marine animals. Here, we describe the taxonomic characterization of a novel species belonging to the genus Photobacterium that exhibits mesophilic and weakly halophilic properties, isolated from a tidal flat in South Korea, for which the name Photobacterium aestuarii sp. nov. is proposed.
Strain YA11
T was isolated from a tidal flat located at Yeongam Bay (34 u 449 52.010 N 126 u 229 08.510 E) of South Korea in February 2011 using a previously described procedure with some modifications (Jeong et al., 2013) . Briefly, a tidal flat sediment sample (less than 5 cm depth) was serially diluted with artificial sea water (ASW; 20 g NaCl, 2.9 g MgSO 4 , 4.53 g MgCl 2 . 6H 2 O, 0.64 g KCl, 1.75 g CaCl 2 . 2H 2 O l 21 ), spread on marine agar (MA; BD) plates and incubated at 25 uC for 3 days. The 16S rRNA genes of the isolates grown on MA were PCR-amplified using the universal primers, F1 and R13 (Jeong et al., 2013) . The amplicons were double-digested with a mixture of HaeIII and HhaI and their restriction fragment patterns were used as a guide to group the colonies as described previously (Jin et al., 2012) . All representative amplicons with unique fragment patterns were selected and partially sequenced with the F1 primer. The resulting 16S rRNA gene sequences were analysed using the Nucleotide Similarity Search program (http://eztaxon-e.ezbiocloud. net/; Kim et al., 2012) . From the analysis, a strain representing a member of the genus Photobacterium, designated YA11 T , was selected for more analyses of phenotypic, chemotaxonomic and molecular properties. Strain YA11
T was routinely grown aerobically on MA at 25 u C for 2 days, except where indicated otherwise and the strain was stored at 280 u C in marine broth (MB; BD) supplemented with 15 % (v/v) glycerol for preservation.
The PCR amplicon of the 16S rRNA gene from strain YA11
T was ligated into the pCR2.1 vector using a TOPO cloning kit (Invitrogen) according to the manufacturer's instructions for obtaining almost complete 16S rRNA gene sequence. The inserted 16S rRNA gene was sequenced with the T7 and M13 reverse primers of the TOPO cloning kit. The quality of the resulting 16S rRNA gene sequence (1407 nt) of strain YA11
T was checked manually. The sequence similarity values between strain YA11
T and closely related taxa were evaluated using the Nucleotide Similarity Search program and aligned using the fast, secondary-structure-aware infernal aligner in Ribosomal Database Project (RDP) (Nawrocki & Eddy, 2007) . Phylogenetic trees were reconstructed using the neighbour-joining (NJ) and maximum-parsimony (MP) algorithms by the PHYLIP software (version 3.68, Felsenstein, 2002) . The resulting phylogenetic tree topologies were evaluated using a bootstrap analysis based on 1000 resampled datasets within the PHYLIP package. The maximum-likelihood (ML) analysis with bootstrap values was performed using RAxML-HPC BlackBox (version 7.6.3) of the Cyber-Infrastructure for Phylogenetic Research project (CIPRES, www.phylo.org; Stamatakis et al., 2005) at the San Diego Super computer Center. An additional taxonomic assignment was performed using the RDP naïve Bayesian rRNA Classifier tool (http://rdp.cme. msu.edu/classifier, Wang et al., 2007) .
Comparative analysis of the16S rRNA gene sequences showed that strain YA11
T was most closely related to Photobacterium indicum NBRC 14233 T , P. frigidiphilum SL13 T and P. phosphoreum ATCC 11040 T with 96.4 %, 95.8 % and 94.9 % sequence similarities, respectively. Phylogenetic analysis using the NJ algorithm based on the 16S rRNA gene sequences showed that strain YA11 T formed a distinct phylogenetic lineage within the genus Photobacterium of the family Vibrionaceae (Fig. 1) . The phylogenetic trees built using the ML and MP algorithms also clearly showed that strain YA11
T could be a member of the genus Photobacterium; they did not display different tree topologies from that obtained by the NJ algorithm (data not shown). Phylogenetic analysis using the RDP Classifier program also supported the proposal that strain YA11 T could represent a member of the genus Photobacterium at the 95 % confidence level. In the NJ analysis, members of the genus Photobacterium could be grouped into three clades as shown previously (Jung et al., 2007; Yoshizawa et al., 2009; Lucena et al., 2011) . Strain YA11
T formed a phyletic clade with psychrophilic species, including P. indicum, P. frigidiphilum, P. aplysiae, P. lipolyticum and P. profundum, isolated mostly from the deep sea.
Additional bacterial growth was tested on Luria-Bertani (LB) agar, nutrient agar (NA; BD), R2A agar (BD) and tryptic soy agar (TSA; BD) media supplemented with 2 % (w/v) NaCl at 20 u C. The growth of strain YA11
T was tested in marine broth (MB) at different temperatures (5-40 u C at 5 u C intervals) and pH values (pH 5.0-11.0 at 0.5 pH unit intervals). MB media with various pH values were prepared using the Na 2 HPO 4 /NaH 2 PO 4 and Na 2 CO 3 / NaHCO 3 buffers for pH values below 8.0 and of pH 8.0-11.0, respectively (Gomori, 1955) . The pH was verified after sterilization (121 uC, 15 min) and adjusted again when necessary. Growth at different NaCl concentrations was investigated using MB prepared in the laboratory according to the BD formula without the addition of NaCl and supplemented with 0-10 % (w/v, at 1 % intervals) NaCl. The Gram-staining test was performed using a bioMérieux Gram Stain kit according to the instructions of the manufacturer. Anaerobic growth was assessed on MA under anaerobic condition (with 4-10 % CO 2 ) using the GasPak Plus system (BBL) at 20 u C for 20 days. Cell morphology, motility and the presence of flagella were investigated using phase-contract microscopy and transmission electron microscopy (JEM-1010, JEOL) with cells from an exponentially grown culture on MA at 20 u C. Catalase activity was evaluated by the production of oxygen bubbles in 3 % (v/v) aqueous hydrogen peroxide solution (Smibert & Krieg, 1994 ) and oxidase activity was tested by the oxidation of 1 % (w/v) tetramethyl-p-phenylenediamine (Merck). The following properties of strain YA11 T and related reference strains were tested in parallel under the same conditions at 20 u C except for P. frigidiphilum (14 u C) because P. frigidiphilum did not grow at 20 u C although it has been reported previously that P. frigidiphilum can grow at the range of 6-20 u C (Seo et al., 2005a) . Hydrolysis of casein, Tween 20, Tween 80, aesculin, starch and tyrosine was determined on MA according to the methods described previously (Smibert & Krieg, 1994) . Acid production from L-arabinose, D-glucose, D-mannitol, D-sorbitol and sucrose was determined as described by Leifson (1963) . Substrate utilization as a single carbon and energy source was carried out under aerobic conditions in minimal media (Yurkov et al., 1994) containing 1 % (w/v) of each substrate (L-arabinose, D-fructose, D-galactose, Dglucose, glycerol, lactose, D-mannitol, D-mannose, Dsorbitol, sucrose and xylose) and the growth was checked after 5 days of incubation. Additional enzymic activities, biochemical features and utilization of carbon sources were tested by the API 20NE kits (bioMérieux) and GN2 MicroPlate system (Biolog) according to the instructions of the manufacturers except that inocula were prepared by suspending cells in ASW. Antibiotic susceptibility tests were performed on MA by the disc-diffusion method using filter-paper discs containing the following antibiotics (mg per disc unless stated otherwise): ampicillin (10), chloramphenicol (100), kanamycin (30), lincomycin (15), oleandomycin (15), penicillin G (20 U), streptomycin (50) and tetracycline (30).
T grew on LB agar, NA, R2A agar and TSA media supplemented with 2 % NaCl. Growth of strain YA11
T was observed at temperatures between 10 and 30 u C, with optimal growth occurring at 20 u C. When tested in MB at 20 u C, strain YA11
T grew at the pH range of pH 6.0-10.0, with the optimum of pH 6.5-7.5 and in the presence of 1.0-6.0 % (w/v) NaCl, with the optimum of 2-3 % NaCl. Bacterial cells were Gram-staining-negative, rod-shaped with a flagellum (0.9-1.3 mm in diameter and 1.5-2.0 mm in length) (Fig. S1 available in IJSEM Online). More physiological and biochemical characteristics of strain YA11
T are presented in Table 1 and in the species description. Some of the characteristics were in agreement with those considered to be characteristic for the genus Photobacterium, whereas others allowed the differentiation of strain YA11
T from type strains of related species (Table 1  and Table S1 ).
Isoprenoid quinones of strain YA11
T were analysed using a HPLC (model LC-20A, Shimadzu) equipped with a diode array detector (SPD-M20A, Shimadzu) and a reversedphase column (25064.6 mm, Kromasil, Akzo Nobel) as described previously (Komagata & Suzuki, 1987) . Methanol/2-propanol (2 : 1, v/v) was used as an eluent at a flow rate of 1 ml min
21
. For the analysis of cellular fatty acids, strain YA11
T and reference strains were cultivated in MB at 20 u C except for P. frigidiphilum KCTC 12384 T (14 u C) and the microbial cells were harvested at the same growth phase (exponential phase, OD 600 0.8). The cellular fatty acids were saponified, methylated and extracted using the standard MIDI protocol. The fatty acid methyl esters analysed by GC (model 6890, Hewlett Packard) and identified by using the TSBA6 database of the Microbial Identification System, (Sherlock version 6.0B; Sasser, 1990) . The DNA G+C content of strain YA11
T was determined by the fluorometric method (Gonzalez & SaizJimenez, 2002 ) using SYBR Green I and a real-time PCR thermocycler (Bio-Rad).
The only respiratory lipoquinone detected in strain YA11 T was ubiquinone-8 (Q-8), which was consistent with findings for all other members of the genus Photobacterium. The major cellular fatty acids (.5 % of the total fatty acids) of strain YA11 T were summed feature 3 (comprising C 16 : 1 v7c and/or C 16 : 1 v6c, 60.3 %), summed feature 8 (comprising C 18 : 1 v7c and/or C 18 : 1 v6c, 12.3 %) and C 16 : 0 (11.1 %). The overall fatty acid profile of strain YA11
T was similar to those of the reference strains of species of the genus Photobacterium although there were some differences in the respective proportions of some components ( Table 2 ). The DNA G+C content of strain YA11 T was 44.2 mol%, which was in the range of those of other closely related species of the genus Photobacterium (Jung et al., 2007) . Therefore, physiological, biochemical and phylogenetic properties of strain YA11 T support its description as a representative of a novel species of the genus Photobacterium, for which the name Photobacterium aestuarii sp. nov. is proposed.
Description of Photobacterium aestuarii sp. nov.
Photobacterium aestuarii (a.es.tu.a9ri.i. L. gen. n. aestuarii of a tidal flat, from where the organism was isolated).
Cells are Gram-staining-negative, facultatively aerobic and rod-shaped with a flagellum, 0.9-1.3 mm in diameter and 1.5-2.0 mm in length. Colonies on MA are round, convex, smooth and yellow. Growth occurs at 10-30 uC (optimum, 20 u C), at pH 6.0-10.0 (optimum, pH 6.5-7.5) and in the presence of 1-6 % (w/v) NaCl (optimum, 2-3 %). Oxidase and catalase are positive. Tween 80, aesculin and tyrosine are hydrolysed, while Tween 20, casein and starch are not. 
